Apparatus and Method for Telescoping Actuator 
Cross-Reference to Related Applications 

None 

Statement Regarding Federally Sponsored Research or Development 

Not Applicable 

BACKGROUND OF THE INVENTION 

Field of the Invention 

This invention relates generally to tension cable actuators for ergonomic devices such 
as lumbar supports. 
Related Art 

Ergonomic supports for seats, especially lumbar supports for automobile seats, are 
frequently moved into supporting positions from flat positions by means of tension cables, 
such as Bowden cables. Bowden cables are simple, coaxial mechanical devices wherein a wire 
slides axially through a sleeve or conduit. Manufactures of moveable devices that support the 
weight of a seat passenger, especially devices designed to operate in dynamic tension, find that 
Bowden cables are an efficient way to apply traction to the moving parts of the ergonomic 
device. A Bowden cable sleeve end is anchored to one part of the ergonomic device, and the 
Bowden cable wire end to another part of the moving device. The two elements can be 
anchored to different portions of a single moving part, as in the case of an arching pressure 
surface that slides along guide rails. Alternatively, either the sleeve end or the wire end can be 
anchored to a non-moving portion, such as the housing of a push paddle type support, while 
the other element is anchored to the moving part of the device, such as the extending push 
paddle itself. When anchored, drawing the Bowden cable wire through the Bowden cable sleeve 
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causes the moving parts of an ergonomic support device to travel from a relaxed, non- 
supporting or flat position to a tensioned, supporting position such as a bowed arch or an 
extended paddle. 

Traction is applied to draw the wire of a Bowden cable through the sleeve of a Bowden 
cable by a variety of means which act on the end of the Bowden cable opposite the ergonomic 
device. For more expensive models of lumbar support, an electric motor is used. For devices 
to be installed in more economical seats, mechanical actuators are used. Typical prior art 
mechanical actuators anchored the Bowden cable sleeve to a stationary housing and anchored 
the Bowden cable wire to a moving nut threading into the housing. Turning the nut so that 
the threads extended it out of the housing had the effect of drawing the Bowden cable wire 
axially out of the Bowden cable sleeve at the actuator end. This action was translated to the 
ergonomic device end of the Bowden cable in order to put tension on the moving parts of the 
ergonomic device and bring it into a tensioned, supporting position. A typical lumbar support 
for a typical automobile seat travels from flat to an arched or extended position that is 
displaced as much as 50mm from the flat position. Prior art manual screw type actuators 
required a passenger to make anywhere from four to seven complete turns of the screw nut in 
order to take the lumbar support through its entire range of travel. 

Highly competitive markets for automotive seats and furniture place a premium on 
optimization of comfort and convenience for seat occupants. There is need in the industry for 
a manual actuator that extends an ergonomic support device through its range of travel with 
fewer turns of the actuator nut by the passenger. There is also a continuing need in the 
industry for reducing the complication of assemblies, reducing packaging size, reducing cost, 
and increasing durability. 
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5 Summary of the Invention 

The present invention is a manual, screw type tension cable actuator that moves the 
connected ergonomic device through its full range of travel using half as many turns as 
required by prior art actuators. By requiring fewer turns, the device is more convenient for the 
seat passenger. 

10 The task of the actuator is achieved by sliding the end of the Bowden cable wire axially 

out of the end of the Bowden cable sleeve. Accordingly, any device that moves the wire end 
■W and the sleeve end apart from one another applies the tension necessary to actuate the 
JSSj ergonomic device at other end of the Bowden cable. Prior art mechanical screw type actuators 

IPS? 

(jp 

^ held the Bowden cable sleeve end stationary while drawing the Bowden cable wire end axially 

jjh 

|"5 out of the sleeve. The present invention applies force in two directions: drawing the Bowden 

j|| cable wire outward, and pushing the Bowden cable sleeve inward simultaneously. 

I 

\| The present invention has two lead screws threaded in opposite directions. Both lead 

y 

lm screws are held within a coaxial nut which also has on its inside diameter two sets of threads 
running in opposite directions. Turning the nut in a first direction moves both lead screws 

20 outward and apart from one another. Turning the nut in the opposite direction moves both 
lead screws inward or toward each other. The entire device is encapsulated in a housing. 

The first lead screw has the Bowden cable wire end anchored to it. The second lead 
screw has the Bowden cable sleeve anchored to it. Since the nut drives both lead screws apart 
simultaneously, the nut also drives the Bowden cable elements anchored to the screws apart 

25 simultaneously. A single turn of the nut therefore achieves twice the separation travel between 
the wire end and the sleeve end as was achieved by the prior art, single screw manual actuator. 
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5 An alternative embodiment of the present invention decreases the size of the actuator 

package and profile by telescoping one of the lead screws into an inside channel of the other 
lead screw. This conserves space both within and without the seat by keeping the manual 
actuator compact. 

In all embodiments; each lead screw has an anchor for an element of the tensioning 
10 cable. In the case of the Bowden cable, a first lead screw will have an anchor having a wide 
concavity for receiving a wire end boss, and a narrower neck for sliding insertion of the wire 

W itself during assembly. The other lead screw will have a collar and slot for insertion and 

4~i 
PI 

Jg seating of the Bowden cable sleeve end. Preferably, the second lead screw also has a slot having 

ifi 

:k both a narrow and a wide aspect, for insertion of the Bowden cable wire end and its anchor 

m 

J 5 boss. The second lead screw is hollow cyhndrically along its axis so that the Bowden cable wire 

M 

||| end can be drawn axially through it and then anchored to the other lead screw. Alternatively, 

Q 

Hj the first lead screw may have an extension to be inserted through the axis of the second lead 

m 

P screw far enough to receive anchoring of the Bowden cable wire end. Accordingly, turning the 
nut and separating the two lead screws also effectively separates the Bowden cable wire end 

20 from the Bowden cable sleeve end, creating the desired traction at the other end of the Bowden 
cable. 



Further features and advantages of the present invention, as well as the structure and 
operation of various embodiments of the present invention, are described in detail below, with 
reference to the accompanying drawings. 
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Brief Description of the Drawings 

Figure 1 is a cut away side view of the actuator in a closed, untensioned position. 
Figure 2 is a cut away side view of the actuator in an expanded, tensioned position. 
Figure 3 is a perspective view of the assembled actuator. 
Figure 4 is a cut away perspective view of the actuator. 
Figure 5 is an exploded view of the actuator. 

Figure 6 is a perspective view of the telescoping embodiment of the actuator, in an 
untensioned position. 

Figure 7 is a cut away perspective view of the telescoping embodiment of the actuator 
an untensioned position. 

Figure 8 is a perspective view of the telescoping actuator in an expanded, tensioned 
position. 

Figure 9 is a cut away perspective view of the telescoping actuator in an expanded, 
tensioned position. 

Figure 10 is another cut away perspective view of the telescoping actuator in an 
expanded, tensioned position. 

Figure 1 1 is another cut away perspective view of the telescoping actuator in a closed, 
untensioned position. 

Figure 12 is an exploded view of the telescoping actuator. 
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5 Detailed Description of the Preferred Embodiments 

Referring to the accompanying figures wherein like reference numbers indicate like 
elements, figure 1 is a cut away side view of the actuator of the present invention. Housing 10 
has two flanges, 12 with holes for anchoring screws so that the unit may be mounted in a seat 
frame. Nut 14 rotates within housing 10. Ring 16 on housing 14 seats within anular detent 

10 18 in housing 10, retaining nut 14 in housing 10. Outside lead screw 20 has threads 22 which 
engage with corresponding threads 24 on the inside diameter of the outer end of nut 14. Inside 

Q lead screw 30 has threads 32 which engage corresponding threads 34 on the inside aspect of 

S3 the inner end of nut 14. 

m 

Inside lead screw 30 also has a slot 36 for insertion of a Bowden cable wire end bullet 
i§ for anchoring the wire. 

L j Outside lead screw 20 also has a shaft 40 which extends inward and inserts into the 

ism 

J*, hollow cylindrical core inside lead screw 30. 

N 

O 

fa Figure 1 shows the actuator in its untensioned or relaxed position. In this position, the 

ergonomic device, for example a lumbar support, would be in a non-weight supporting or flat 

20 position. Figure 2 is also a cut away side view of the actuator. Figure 2 is in the extended or 
tensioned position, corresponding to an extended, weight supporting position for the lumbar 
support on the other end of the Bowden cable. In figure 2, the outside lead screw 20 is in its 
extended position such that its outside aspect is moved farther outward, beyond the limits of 
the nut 14. The inner lead screw 30 has also been extended to project in the inward direction 

25 (relative to the seat) beyond the limit of nut 14 in housing 10. 

Outer lead screw 20 has threads 22 engaging nut threads 24, which threads are in a first 
direction. Whether this direction is right or left handed is immaterial, provided that the outer 
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5 lead screw is threaded in the opposite direction from the threads 32 and 34 of inner lead screw 
30 and the inner end of nut 14. Thus configured, rotation of the nut 14 causes both lead 
screws 20 and 30 to extend outwards relative to housing 10 and nut 14, that is, in opposite 
directions. 

Figure 2 depicts the outer lead screw 20 and inner lead screw 30 in their extended 
10 positions after having been translated to those extended positions by rotation of nut 14. In 
M figure 2 shaft 40 can be more clearly seen. 

5 

g Figure 3 is a perspective view of the assembled actuator. Figure 4 is a cut away 

perspective view of the actuator. Both figures 3 and 4 show the actuator with the lead screws 

w 

|fi in their extended, tensioned position. 

5 Figure 5 is an exploded view of the actuator. In figure 5 additional aspects of the 



in 



actuator are visible. Shaft 40 has longitudinal ribs 42, which fit into longitudinal channels 44, 



P in the inside diameter of hollow inner lead screw 30. The sliding of ribs 32 along interlocking 
channels 44 insure that lead screws 20 and 30 translate longitudinally in and out and do not 
rotate upon rotation of nut 14. Also visible on figure 5 is Bowden cable wire bullet seat 48. 

20 Bowden cable wires slide axially through Bowden cable sleeves. On the end of the Bowden 
cable wires and extending slightly beyond the end of the sleeves are "bullets/ 7 which are bosses 
or any other variety of end stops that are wider than the Bowden cable sleeve channel, to 
prevent the wire sliding out of the Bowden cable, and also for anchoring the Bowden wire end. 
Seat 48 in shaft 40 receives the wire end bullet in order to hold it in place and apply tension to 

25 it. 

Inner lead screw 30 has a collar 38 which engages the Bowden cable sleeve end and 
anchors it for the application of tension. 
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In operation, a seat occupant manually turns nut 14. Nut threads 24 and 34 engage 
threads 22 and 32 of outer lead screw 20 and inner lead screw 30. Because the threads of the 
lead screws run in opposite directions, turning the nut 14 will drive the inner and outer lead 
screws away from each other and outwards relative to the nut 14 in housing 10. Driving outer 
lead screw 20 outward exerts tension on a Bowden cable wire through the wire seating at seat 
48. The opposite end of the Bowden cable wire will be drawn inwards towards the opposite 
end of the Bowden cable sleeve, which actuates movement of the ergonomic device. 

In the prior art a similar tension is exerted to draw a Bowden cable wire axially through 
a Bowden cable sleeve in order to actuate the ergonomic device. However, in the prior art the 
Bowden cable sleeve end was held in static position. In the actuator of the present invention, 
inner lead screw 30 moves inward relative to the seat (and outward relative to the actuator 
housing 10) simultaneously with the opposite movement with the outer lead screw 20. This 
moves the Bowden cable sleeve end, which is anchored at collar 38 of inner lead screw 30, 
inward towards the seat and further away from its position relative to the Bowden cable wire 
end, anchored in seat 48. It is the increasing separation of the Bowden cable sleeve end from 
the Bowden cable wire end that achieves the desired tension at the opposite end of the Bowden 
cable needed to actuate the ergonomic device. By moving both the sleeve end and the wire end 
simultaneously and in opposite directions, the same degree of rotation put on the nut 14 
achieves twice as much separation between the sleeve end and the wire end as would have been 
achieved by prior art actuators, which only moved the wire end and not the sleeve end. 
Accordingly, the same degree of tension can be put on the ergonomic device at the other end of 
the Bowden cable with half the number of rotations by the seat occupant of the nut 14. This 
increased convenience to the user has value in the market place. 
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5 Typical thread pitches for manual actuators already in production may be in the range 

of about 2.5 millimeters of linear travel per rotation. It is known to double this pitch by using 
double lead in threading, which yields a pitch of substantially about 5 millimeters of linear 
travel per revolution of the nut. Double threading is simply die cutting screw and nut with two 
helically intersperced threads. Whereas a single thread manual actuator may yield 7.5 
10 millimeters of lumbar support travel in, for example, three rotations, a double threaded variety 
would yield 15 millimeters of travel in three rotations. The present invention at least doubles 

13 this ratio, allowing 30 millimeters of lumbar support travel with three turns of the double 

P 

W threaded manual actuator nut in the telescoping actuator disclosed herein. Thirty millimeters 

i?y 

$J represents the complete range of travel for many lumbar supports. 

K Exploded view 5 also illustrates aspects of the invention that promote ease of assembly. 

jin Nut 14 is split into two halves, 14A and 14B so that lead screws 20 and 30 may be laid into 

13 

y their proper place in the threads on the inner aspect of nut 14. Outer lead screw 20 has a shaft 

m 
W 

j^i 40 inserted into the inner channel of inner lead screw 30 by an assembler. Proper spacing 
between outer lead screw 20 and inner lead screw 30 before assembly is insured and 

20 maintained by bosses 46 on the outer aspect of the inner lead screw 30. The lead screws 20 
and 30 are then laid into the threads of half the nut 14B by an assembler. Thereafter the other 
half of the nut 14A is laid over the lead screws and the entire assembly is inserted into housing 
10 until ring 16 snaps into collar 18. 

Space saving is a constant priority for automotive passenger compartment components. 

25 Inside a seat, passenger comfort devices have proliferated, including ergonomic supports, 
heating and cooling ducts, and the like. Outside the seat, lower profile seat controls simplify 
interior design and are more convenient for passengers by virtue of not obstructing seat belts, 
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5 coats, and the like. Figures 6 through 12 illustrate a more compact alternative embodiment of 
the present invention. This embodiment saves space by telescoping one lead screw into the 
other. 

Figure 6 is a perspective view of the assembled telescoping actuator in a contracted, 
untensioned position. Figure 7 is a cut away perspective view of the same embodiment in the 
10 same position. As can be seen, housing 110 and nut 1 14 are shorter in their axial dimension 
than the previously depicted embodiment. 

m 

% This space saving is made possible by the innovation of telescoping one of the lead 

13 

m screws into the other. In this case, the outer lead screw 120 has an inner cylindrical opening 

lis 

?q dimensioned to receive insertion of the outer diameter of inner lead screw 130. Accordingly, 

y ? 

15 the overall length of the unit may be reduced by the extent to which the inner lead screw may 

M 

III be inserted or telescoped into the outer lead screw 120. Either lead screw may telescope into 

13 

H the other. The inner aspect of the female lead screw may be a smooth, or threaded to engage 

a 

i* 4 the male lead screw. 

Figure 8 is a perspective view of the telescoping actuator in its extended or tensioned 

20 position. Figure 9 is a cut away perspective view of the telescoping actuator in the same 
position. As can be seen in figures 7 and 9, the interaction of the components is the same as 
in the previous embodiment. Nut 114 has threads 124 and 134 engaged with outer lead screw 
threads 122 and inner lead screw threads 132. Shaft 140 has ribs 142 preventing rotation of 
the outer lead screw. Flange 116 seats within annular detent 118. Housing bosses 112 

25 support mounting screw shafts. Inner lead screw 130 has a Bowden cable wire and wire bullet 
insertion slot 136. Inner lead screw 130 also has a Bowden cable sleeve mounting collar 138. 
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5 Figure 10 is also a cut away perspective view of the telescoping actuator in its extended, 

tensioned position, from a different angle. Figure 1 1 is a cut away perspective view of the 
telescoping actuator in its untensioned position from the second angle. 

Figure 6 through 12 also illustrate another capability of the present invention, which is 
the actuation of two Bowden cables simultaneously with a single actuator. As is best seen in 
10 figures 10 and 11, the inner lead screw 130 accepts insertion of two Bowden cables 150, and 
152. Bowden cable wire and wire bullet insertion slot 136 on the top surface of inner lead 
p screw shaft 130 is mirrored by a corresponding insertion slot (obscured) on the bottom surface 
W of inner lead screw shaft 130. Since the lead screws only translate, and do not rotate, it is well 
|! within the capabilities of the present invention to actuate two (or more) Bowden cables 
p> simultaneously. 

py The components of the present invention are preferably plastic, most preferably 

y polyurethane. Various components will be comprised of various formulations of polyurethane 
U as for example seeking a higher glass fill content in the housing 10 in order to stiffen it for 
rigidity and acceptance of self seating mounting screws. The nut 14 and lead screws 20 and 30 
20 more preferably have a slicker formulation of polyurethane, for example nylon 66, to achieve 
the desired coefficient of friction. Ease of use and maintenance of position are achieved in the 
depicted embodiments with the coefficient of friction between the nut threads 24 and 34 and 
the lead screw threads 22 and 32 in a range from about 0.08 to about 0.14. 

The depicted embodiments are shown with screw thread dimensions empirically found 
25 to work well with lumbar supports currently marketed, in view of the tensions created by those 
lumbar supports on Bowden cables and the wire that slides through them. The depicted 
embodiments have a screw thread pitch of 2.48 millimeters, a lead of 4.96 millimeters, a basic 
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5 thread thickness at the pitch of 1.23 millimeters, a basic flat at the crest of 0.57 millimeters, a 
root flat thickness of 0.57 millimeters, a major diameter of 15.9/15.6 millimeters, a pitch 
diameter of 14.45/14.15 millimeters and minor diameter of 12.84/12.54 millimeters in a basic 
thread height of 1.53 millimeters. For these screw dimensions, it is found to be beneficial and 
efficient to mix the polyurethane used for the lead screw and nut to yield a coefficient of 
10 friction in the range from about 0.08 to about 0.14. It is contemplated to within the scope of 
this invention that other pitch dimensions and other coefficients of friction may optimize the 
jjf mechanical efficiency of the disclosed novel design should the actuator be applied for use with 
m tensioning cables other than the currently used Bowden cable, lumbar supports other than the 

m 

,p currently used lumbar supports, or different dimensions of the mechanical aspects of the novel 

m 

15 designs disclosed. 

ffj In view of the foregoing, it will be seen that the several advantages of the invention are 

m 

• w 

H achieved and attained. 

O 

TPS? 

H The embodiments were chosen and described in order to best explain the principles of 

the invention and its practical application to thereby enable others skilled in the art to best 

20 utilize the invention and various embodiments and with various modifications as are suited to 
the particular use contemplated. 

As various modifications could be made in the constructions and methods herein 
described and illustrated without departing from the scope of the invention, it is intended that 
all matter contained in the foregoing description or shown in the accompanying drawings shall 

25 be interpreted as illustrative rather than limiting. Thus, the breadth and scope of the present 
invention should not be limited by any of the above described exemplary embodiments, but 
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5 should be defined only in accordance with the following claims appended hereto and their 
equivalents. 



si 
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